Modification of deoxyribonucleic acid by a diol epoxide of benzo[a]pyrene. Relation to deoxyribonucleic acid structure and conformation and effects on transfectional activity.
The effects of secondary structure on DNA modification by (+/-)-7 beta, 9 alpha-dihydroxy-9 alpha, 10 alpha-epoxy-7,8,9,10-tetrahydrobenzol[a]pyrene [(+/-)BPDE I] were investigated. No differences in the total extent of (+/-) BPDE I binding to double- and single-stranded calf thymus DNA were found. High-performance liquid chromatography (LC) of the nucleoside adducts obtained from hydrolysates of native and denatured calf thymus, as well as from superhelical and linear plasmid DNA, indicated that in all cases the major adduct (60--80% of total adducts) was formed by reaction of the (+) enantiomer of BPDE I with the N-2 position of dG residues in the DNA. A minor adduct formed from the reaction of the (-) enantiomer with dG residues was also detected and was present in greater amounts in denautred DNA than in native DNA. Small amounts of BPDE I--dA and BPDE I--dC adducts were also detected in both the single- and double-stranded DNAs. Restriction enzyme analysis of BPDE I modified SV40 and phage lambda DNA provided evidence that the modification of DNA by this carcinogen is fairly random with respect to nucleotide sequence. Partial hydrolysis of modified plasmid DNA by the single-strand-specific S1 nuclease and LC analysis of the nucleoside adducts in the digested and undigested fractions of the DNA revealed no preferential excision by the S1 nuclease of the different BPDE I--deoxynucleoside adducts. Functional changes in BPDE I modified DNA were demonstrated. With increasing extents of modification, there was a decrease in the ability of plasmid DNA to transfect a receptive Escherichia coli strain to antibiotic resistance.